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Retrotransposons transcribed preferentially in proximal tu- amount of salt intake. In pathological conditions, for
bules of salt-hypertensive rats. example in salt hypertension, the regulatory systems fail
Background. The kidney is considered to play an important to sustain blood pressure when sodium intake is ex-etiologic role in salt-sensitive hypertension. The aim of the
cessive. Alterations of renal function are proposed topresent study was to isolate genes whose expression differs
play a pivotal role in salt-sensitive hypertension [1], andbetween the kidneys of salt-hypertensive and control rats using
an mRNA differential display method. in salt-sensitive hypertension, renal sodium excretion
Methods. Dahl salt-sensitive (DS) and control salt-resistant should be reduced due to decreased filtration coefficient
rats (DR) were fed a 0.3% or 8% NaCl diet. Renal RNA or enhanced tubular sodium reabsorption. The elucida-was amplified by RNA arbitrarily primed polymerase chain
tion of defects in the regulatory mechanisms will providereaction (RAP-PCR) and compared among DR 0.3%, DR 8%,
some clues to understand the homeostatic regulationsDS 0.3%, and DS 8%. Gene expression and localization were
examined by Northern blotting, RNase protection assay, and against changes in sodium intake.
in situ hybridization. Full-length nucleotide sequence was de- Dahl salt-sensitive rats (DS) and their control salt-
termined by screening a DS rat kidney cDNA library.
resistant rats (DR) have been extensively used as animalResults. We identified one differentially displayed clone, and
models for salt hypertension. Renal cross-transplanta-its expression was greater in DS than DR, which was not af-
fected by salt loading. The sequence was 90% homologous to tion experiments between DS and DR revealed that DR
the 39-noncoding region of the nicotinic acetylcholine receptor with DS kidneys exhibited salt-sensitive hypertension,
a7 subunit gene. Its expression was kidney-specific, and was and vice versa [2]. It suggests that alterations of renal
localized in the proximal tubules. The transcript level was
function play a crucial role in the etiology of salt-sensitivemarkedly increased precedent to the development of hyperten-
hypertension in Dahl rats. Recent linkage analysis stud-sion. Its expression was also high in other salt-sensitive rats,
and low in normotensive Sprague-Dawley and Wistar rats. ies revealed several candidate genes for DS salt hyper-
The full-length cDNA contained elements homologous to the tension, such as the renin gene [3], the angiotensin I-
retroviral pol gene, a primer binding site sequence for reverse converting enzyme (ACE) gene, the natriuretic peptidetranscriptase, and long-terminal repeats.
receptor-A gene [4], the 11b-hydroxylase (P45011b) geneConclusion. These results demonstrated that the newly iden-
[5], and the SA gene [6]. However, it is not certaintified transcripts (REPT1) belong to a novel retrotransposon
family, which showed unique strain-, age-, tissue-, and cell type- whether these factors alone can explain the whole mech-
specific expression pattern. anisms of salt hypertension, because the determinant
factors of salt hypertension are considered to be poly-
genic.
The internal milieu of our body is strictly controlled Differential display is a recently developed cloning
against environmental changes by various regulatory sys- method based on differences in expression levels [7]. To
tems. Fluid and electrolyte balance and blood pressure identify novel genes involved in salt regulation and/or
are maintained within a narrow range irrespective of the salt-induced hypertension, we applied this technique to
the mRNA expressed in the kidneys of DS and DR
placed on normal and high salt diets. In the presentKey words: hypertension, REPT1, gene expression, blood pressure,
sodium intake. study, we identified one novel clone whose expression
level was markedly elevated in DS compared with DR.Received for publication July 2, 1998
Intriguingly, it was transcribed specifically in the renaland in revised form September 22, 1998
Accepted for publication September 23, 1998 proximal tubules and was up-regulated in an age-depen-
dent manner. The clone belongs to a novel retrotranspo- 1999 by the International Society of Nephrology
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son family and contained sequence motifs homologous polymerase (Takara, Kyoto, Japan). The first cycle of
948C for 1 minute, 368C for 5 minutes, and 728C for 5to (1) retroviral pol gene, (2) two elements whose expres-
sion was known to be regulated in the process of differen- minutes was followed by 40 cycles of 948C for 1 minute,
508C for 2 minutes, and 728C for 2 minutes. The RAP-tiation of PC-12 cells by nerve growth factor (NGF)
treatment [8], and (3) the 39-noncoding region of the PCR products were separated on a 4% polyacrylamide-7
m urea sequencing gel. The gel was autoradiographed onrat nicotinic acetylcholine receptor (nAChR) a7 subunit
gene [9]. an imaging plate (Fuji Film, Tokyo, Japan) and analyzed
with a Bioimage Analyzer (model BAS 2000; Fuji Film).
Differentially expressed band was excised from the gel.
METHODS
Complementary DNA was eluted, which was reamplified
Animals and RNA preparation by 40 cycles of PCR using the original primer without
[a-32P]dCTP. The product was subcloned into pBlue-Four-week-old male DS and DR rats (Dahl/Iwai; N 5
20, respectively) were purchased from Shizuoka Labora- script II SK2 vector.
tory Animal Center (SLC, Shizuoka, Japan). One-half
Sequence analysisof the DS and DR rats were placed on a 8% NaCl diet
(DS 8%, DR 8%) and the remaining rats were fed a Nucleotide sequences were determined on both strands
by the dideoxynucleotide chain-termination method us-0.3% NaCl diet (DS 0.3%, DR 0.3%). After four weeks,
the final mean carotid arterial pressure was as follows: ing a Sequi Therm Long-Read cycle sequencing kit (Epi-
centre Technologies, Madison, WI, USA) and an Auto-112 6 5 mm Hg in DR 0.3%, 122 6 2 mm Hg in DR
8%, 129 6 3 mm Hg in DS 0.3%, and 175 6 6 mm Hg mated Laser Fluorescent DNA Sequencer (LI-COR,
Lincoln, NE, USA). The sequences were analyzed usingin DS 8%. DS rats at various ages (13 days, 4, 8, 13,
and 21 weeks) were used for the experiments of age- the Genetyx software. For homology analysis, nucleotide
sequences were compared with the GenBank/EMBL/dependent changes in gene expression. To compare
among different rat strains, four-week-old male sponta- DDBJ data bases using the BLAST program.
neously hypertensive rats (SHR/Izm) were purchased
Northern blot analysisfrom the Disease Model Cooperative Research Associa-
tion (Kyoto, Japan), and male Sprague-Dawley rats (SD) Northern blotting was performed as described pre-
viously [10]. Three types of probes, illustrated in Figureand Wistar rats of the same age were obtained from
Charles River Japan (Atsugi, Japan). They were placed 5B, were constructed as follows: PCR fragment obtained
using primers 59-TTGGTGCTGGCGCCGACAAAT-39on a 0.5% or 8% NaCl diet for four weeks. Systolic
blood pressure measured by the tail-cuff method was as and 59-CACCTCATCTGGTTCTCCTCA-39 (675 bp,
probe 2); NcoI-StuI fragment of pDSK-21 (182 bp infollows: 134 6 2 mm Hg in DR 0.3%; 152 6 4 mm Hg
in DR 8%; 144 6 4 mm Hg in DS 0.3%; 259 6 1 mm Hg length, probe 3); and the 59-side HindIII fragment of
pDSK-5 (729 bp, probe 4). Hybridization was performedin DS 8%; 126 6 5 mm Hg in SD 0.5%; 128 6 4 mm
Hg in SD 8%; 120 6 2 mm Hg in Wistar 0.5%; 124 6 in 50% formamide solution at 428C. Final wash was done
in 0.2 3 SSC (1 3 SSC, 150 mm NaCl, 15 mm sodium2 mm Hg in Wistar 8%; 180 6 8 mm Hg in SHR 0.5%;
and 292 6 13 mm Hg in SHR 8%. citrate, pH 7.0) containing 0.1% SDS at 608C. The filter
was exposed to a Kodak X-Omat AR5 film with anThe rats were euthanized by decapitation. Organs
were dissected, immediately frozen in liquid nitrogen, intensifying screen at 2808C or to an imaging plate.
The radioactivity of the bands was quantitated as photo-and stored at 2808C until use. Total RNA was extracted
by the acid guanidinium thiocyanate/phenol/chloroform stimulated luminescence (PSL) with a Bioimage Ana-
lyzer (model BAS 2000).method. Poly (A)1 RNA was purified using an mRNA
purification kit (Pharmacia, Uppsala, Sweden).
RNase protection assay
Differential display of mRNA RNase protection assay was performed using an RPA
II kit (Ambion, Austin, TX, USA). Briefly, the 1.8-kbRNA arbitrarily primed polymerase chain reaction
(RAP-PCR) was performed using a RAP-PCR kit (Stra- HindIII fragment of pDSK-5 (Fig. 5B) was subcloned
into the HindIII site of pBluescript II, which was linear-tagene, La Jolla, CA, USA). Briefly, poly (A)1 RNA
(100 ng) from the kidneys of DR 0.3%, DR 8%, DS ized with XbaI and used as a template. Antisense cRNA
probes of the RAP-PCR product (270 nt, probe 1 in Fig.0.3%, and DS 8% was reverse-transcribed with 1.25 mm
arbitrary primer (AATCTAGAGCTCTCCTGG) and 5B) and b-actin were synthesized with [a-32P]UTP and
T3 RNA polymerase using an RNA in vitro transcriptionMoloney murine leukemia virus reverse transcriptase at
378C. The resultant cDNA (1/20 of total) was subjected kit (Stratagene). Tissue total RNA (10 mg) or yeast
tRNA as a control was hybridized with 1 3 106 cpm ofto PCR in the presence of 3 mm MgCl2, 370 kBq of
[a-32P]dCTP, 1 mm of the same primer, and Taq DNA cRNA probe at 458C. Nonannealed nucleic acids were
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digested with a mixture of RNases T1 and A. RNase- ure 1A shows the autoradiograph. While the majority
of the corresponding bands were of similar intensityprotected fragments were electrophoresed on a 5%
among the four groups, the intensity of one band waspolyacrylamide-7 m urea gel and exposed to an imaging
markedly greater in DS than DR (Fig. 1A, arrow). Com-plate.
plementary DNA fragment was recovered from the band
In situ hybridization and reamplified. Differential expression of the clone was
confirmed by Northern blot analysis (Fig. 1B). Poly (A)1Template DNA included a fragment of the RAP PCR
RNA (3 mg) from the kidneys of the four groups wasproduct (probe 2 in Fig. 5B) inserted in pBluescript II
hybridized with a probe derived from the cloned RAP-at the EcoRV site. Antisense and sense RNA probes
PCR product (probe 2 in Fig. 5B). Four transcripts werewere transcribed from the plasmid linearized by HindIII
detected: 5.8 kb, 4.4 kb, 2.6 kb, and 1.2 kb. Expressionand XbaI in the presence of digoxygenin (DIG)-UTP
of these transcripts were, indeed, eightfold greater in DS(Boehringer Mannheim, Mannheim, Germany) with T3
than DR. The high salt diet did not alter their expressionsand T7 RNA polymerase, respectively. In situ hybridiza-
in either strain.tion was performed as described previously [11] with
several modifications. In brief, cryosections of DS rat
Sequencing and homology analysis of differentially
kidney (10 mm thick) were postfixed in chloroform, displayed clone
treated with 0.3% Triton X-100, incubated in proteinase
The nucleotide sequence of the RAP-PCR productK solution (50 mg/ml) at 378C for 20 minutes, and acidi-
was determined and compared for homology with thefied with 0.25% acetic acid. After prehybridization, the
sequences available in the current GenBank/EMBL/sections were hybridized with DIG-labeled probe (200
DDBJ databases (Fig. 2). The clone was 808 nucleotidesng/ml) at 428C for 60 hours. Slides were washed in 2 3
long and had flanking sites corresponding to the primerSSC/50% formamide at 428C for 30 minutes, treated with
used (Fig. 2). The clone shared quite high homology toRNase A (2 mg/ml) at 378C for 10 minutes, and washed
the 39-noncoding region of the rat nAChR a7 subunitin 2 3 and 0.5 3 SSC at 428C for 20 minutes. After
gene (S53987) [9]: nt 217–790 of the RAP-PCR productblocking, the slides were exposed to anti-DIG alkaline
was 89.7% homologous to nt 1596–2282 of S53987. More-phosphatase conjugate diluted at 1:500 for 30 minutes.
over, nt 452–678 of our clone showed 89.4% homologyThe hybrids were visualized by the subsequent alkaline
to a cDNA clone whose expression was reported to bephosphatase-catalyzed color reaction.
modulated by NGF treatment in PC-12 cells (EST-
110968, nt 101–320) [8].Construction and screening of cDNA library
Complementary DNA library of DS 0.3% rat kidney Tissue-specific expression
was synthesized as described previously [10]. Approxi- Gene expression of this clone was examined in various
mately 1 3 106 recombinant phages were obtained. High- organs of DS 0.3% and DR 0.3% by RNase protection
stringency screening was performed with hybridization assay. As depicted in Figure 3A, the expected sizes of
to the 32P-labeled RAP-PCR product (probe 2 in Fig. protected fragments were 190 nt (for 4.4-kb and 1.2-kb
5B) in 50% formamide, and washes in 0.1 3 SSC con- transcripts) and 164 nt (for 5.8-kb and 2.6-kb transcripts).
taining 0.1% SDS at 608C. The transcripts were abundantly expressed in the DS
kidney, whereas the expression level was low in the DR39-Rapid amplification of cDNA ends (RACE) PCR
kidney (Fig. 3B). Only weak signal was found in the
Poly (A)1 RNA (1 mg) from DS 0.3% rat kidney was adrenal glands, which did not differ between DS and
reverse-transcribed to cDNA at 458C using the oligo DR. No signal was detected in the brain, lung, heart,
(dT)-adapter, 59-GACTCGAGTCGACATCGATTTT liver, small intestine, large intestine, and testis (Fig. 3B)
TTTTTTTTTTTTT-39. The resultant cDNA (1/100 of or in the aorta, thymus, and ovary (data not shown). We
total) was amplified using Expand Long Template PCR also confirmed the DS kidney-specific expression of this
system (Boehringer Mannheim) with a specific primer clone by Northern blot analysis (data not shown).
(59-TACCGAAGTCAGGAGCCAGGTAGT-39) and
Age-dependent changes in expressionthe adapter primer (59-GACTCGAGTCGACATCG-39).
The expression level of this clone was compared
among DS rats aged from 13 days to 21 weeks. As shownRESULTS
in Figure 3C, the expression was regulated in an age-
RAP-PCR and differential display dependent manner. The transcript level was very low in
Renal poly (A)1 RNA from DR 0.3%, DR 8%, DS the kidney of 13-day-old DS. The transcript was dramati-
0.3%, and DS 8% was amplified by RAP-PCR. The cally increased thereafter, and reached a maximum at 8
weeks of age (approximately 50-fold greater than thatproducts were electrophoresed on a sequencing gel. Fig-
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Fig. 1. Differential display of mRNA and
gene expression of a differentially displayed
clone. (A) Differential display of renal mRNA
from DR 0.3% (lane 1), DR 8% (lane 2), DS
0.3% (lane 3), and DS 8% (lane 4). Poly (A)1
RNA was subjected to RAP-PCR. The radio-
labeled RAP-PCR products were displayed
by autoradiography following electrophoresis
on a 4% degenerated sequence gel. The arrow
indicates a differentially expressed band. (B)
Gene expression of the cloned RAP-PCR
product determined by Northern blot analysis.
Poly (A)1 RNA (3 mg) from the kidneys of
DR 0.3% (lane 1), DR 8% (lane 2), DS 0.3%
(lane 3), and DS 8% (lane 4) was probed with
the cloned RAP-PCR product. The positions
of RNA size markers are shown on the left.
b-actin probe was used as a loading control.
The lower panels show the results of quantita-
tive analysis (N 5 8 for each group). Radioac-
tivity of the bands was measured by Bioimage
Analyzer (BAS 2000; Fuji Film) and standard-
ized by b-actin expression level. The values
represent mean 6 sem. Statistical analysis was
by two-way analysis of variance and subse-
quent Tukey’s comparison. **P , 0.01.
in 13-day-old DS). The high expression continued up to Identification of full-length cDNA sequence
the age of 21 weeks. On the other hand, the expression Figure 5B depicts cloning strategy. With the combina-
level remained low in DR rats (data not shown). tion of screening a cDNA library and 39-RACE (pDSKs
in Fig. 5B), we identified four cDNAs (5.8, 4.4, 2.6, andIn situ localization
1.2 kb). The 4.4-kb clone was identical to the 5.8-kb
We performed in situ hybridization with DIG-labeled one but had a truncated 39 end; it was terminated by a
cRNA probe to determine further the histologic localiza-
polyadenylation signal located 1.4 kb upstream. On the
tion of expression of our clone in the DS kidney. Figure 4
other hand, the 2.6- and 1.2-kb cDNAs were the sameshows representative photomicrographs. Positive signal
as the 5.8- and 4.4-kb ones, except for the absence of awas detected as purple/black precipitates. As shown in
3.2-kb sequence (Fig. 5B, bold line). This 3.2-kb insertionthe low-powered photomicrograph (Fig. 4A), hybridiza-
started with GT and terminated with AG, suggestingtion signal with antisense probe was localized mainly in
that the shorter two clones are the spliced forms of thethe outer medulla. In the cortex, no staining was found
longer two ones.in the glomeruli or vessels, whereas some of the proximal
Using specific portions as probes (probes 2 to 4 in Fig.tubule cells were labeled with antisense probe (Fig. 4C).
5B), we confirmed that these four sequences accountedIn the outer medulla, intense signals were detected in
for the four transcripts seen in the Northern blottingthe proximal tubule cells, but not in the loop of Henle
(data not shown). These results suggest that the 5.8-,(Fig. 4E). Control experiments with sense cRNA probe
resulted in only minimal background (Fig. 4 B, D, F). 4.4-, 2.6-, and 1.2-kb clones are generated from a single
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Fig. 2. Alignment of cloned RAP-PCR product with 39-noncoding region of the rat nAChR a7 subunit cDNA (S53987). Identical nucleotides in
relation to the RAP-PCR product are indicated by “*” and gaps are indicated by bars. Primer sites are indicated by white letters on black
background. Position numbers are shown on the left.
gene by alternative choice of splicing and polyadenyla- designated the transcripts as REPT1 (rat retrovirus-like
element transcribed in proximal tubules). However, thetion signals.
open reading frame of the pol gene in REPT1 was inter-
Characterization of nucleotide sequence of 5.8-kb rupted by frameshifts and stop codons. Furthermore, the
transcript (REPT1) 5.8-kb REPT1 transcript had neither gag, nor env gene.
As mentioned above, nt 3719–3945 was 89.4% homol-Motifs found in the 5.8-kb clone are summarized in
ogous to EST110968. In addition, nt 4683–4962 was 98%Figure 5A. Although the transcript contained an element
homologous to EST108874. EST110968 and EST108874highly homologous to that in the 39-noncoding region of
were cDNA clones whose expression was reported tothe rat nAChR a7 subunit (S53987) [8] in nt 3483–4075,
be modulated by NGF treatment in PC-12 cells [8]. Theit did not have elements similar to those in the coding
5.8-kb clone also contained an element (nt 305–911)region of any nAChRs. Instead, the 5.8-kb clone con-
75% homologous to an intracisternal-A particle (IAP)tained a sequence that resembled retroviral pol gene in
(U23776), one type of retrotransposon responsible forthe nt 1455–3170 region. Furthermore, nt 172–196 was
the renal carcinoma of Eker rats [12]. Two portions (ntcomplementary to Gln-tRNA 39 end (V01265), which
1514–1625 and nt 5171–5774) appeared to be an insertionwas highly homologous to a retroviral primer binding
sequence. Similar insertions were found in the 59- andsite for reverse transcriptase (X01616). The sequence
39-flanking regions of several genes such as the Na1,K1-also contained two identical elements near its 59- and
ATPase b2 subunit gene (D90048).39-end (nt 1–169 and 4985–5158) that resembled R region
in long-terminal repeat (LTR). The 59-flanking region
Origin of the pol gene in REPT1of the second one contained TATA-box (nt 4930–4936)
like a U3 region in LTR. These findings suggest that The pol gene product of REPT1 was aligned with those
of retroviruses, LTR-retrotransposons, long interspersedthis transcript belongs to a retrotransposon family. We
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Fig. 3. Tissue-specific and age-dependent ex-
pression of cloned RAP-PCR product. Gene
expression was examined in DS 0.3% and DR
0.3% by RNase protection assay. (A) Repre-
sentation of relationship among cRNA probe,
protected fragments, and the four types of
transcripts. (B) Tissue distribution of cloned
RAP-PCR product. Total RNA (10 mg) from
the indicated organs or yeast tRNA as a con-
trol were used. (C) Age-dependent changes
in expression of cloned RAP-PCR product.
Total RNA from the kidney of DS 0.3% at
13 days, and 4, 8, 13, 21 weeks of age was
used. Bars denote the positions of the 190 and
164 nt protected fragments. The lower panels
represent signals with b-actin probe as a load-
ing control.
repetitive elements (LINEs), and group II introns to DISCUSSION
construct a phylogenetic tree (Fig. 5C). The “palm” motif In the present study, we identified one differentially
of reverse transcriptase was used for the alignment, displayed RNA in the kidneys of DS compared with
which is conserved among reverse transcriptase family those of DR. It was transcribed specifically in the renal
[13]. According to this phylogenetic tree, REPT1 belongs proximal tubules of DS. Although the sequence of the
RAP-PCR product was approximately 90% homologousto a group of retroviruses including Rous sarcoma virus
to the 39-noncoding region of the rat nAChR a7 subunit(RSV) and human endogenous retrovirus (HERV).
gene, screening of a DS rat kidney cDNA library re-Thus, the phylogenetic tree suggests that REPT1 origi-
vealed that the full-length cDNA did not encode anynated from a retrovirus, then lost some motifs in LTR
channels. Instead, the clone turned out to belong to aand genes for gag and env.
novel retrotransposon.
Retrotransposons are mobile genetic elements thatComparison among different rat strains
occasionally transpose into new sites within the genome
Gene expression of this clone was compared among
via RNA intermediates [14]. They are divided into viral
five rat strains (Fig. 6A). and nonviral retrotransposons. Viral retrotransposons
As described in the Methods section, the percentage resemble retroviruses in having LTRs and open reading
of blood pressure changes by salt loading were: 113% frames for gag, pol and env. This group includes retrovi-
in DR, 180% in DS, 12% in SD rats; 13% in Wistar ruses, IAPs which accumulate on membranes of the en-
rats; and 162% in SHR. Northern blot analysis with doplasmic reticulum because of mutations in the env
probe 2 revealed that the expression levels varied mark- gene, and LTR-type retrotransposons. Non-viral retro-
edly among different strains. The transcripts were abun- transposons lack LTRs and are subdivided into LINEs of
dant in DS and SHR, whereas the expression was low 6 to 7 kb long and short interspersed repetitive elements
in DR, SD, and Wistar rats. REPT1 expression level was (SINEs) of approximately 300 bp long. Our newly identi-
closely related to the salt sensitivity of blood pressure fied clone, REPT1, has the following characteristics. It
had a sequence homologous to the retroviral pol gene,(Fig. 6B).
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Fig. 4. In situ localization of cloned RAP-
PCR transcripts in the DS kidney. In situ hy-
bridization was performed with digoxygenin-
labeled cRNA probes. The hybrids were visu-
alized by the alkaline phosphatase-catalyzed
color reaction. Positive signals were detected
as purple/black precipitates. (A, C, E) Photo-
micrographs of DS kidney section hybridized
with antisense cRNA probe. (B, D, F) Control
section hybridized with sense cRNA probe.
Bars represent 100 mm (magnification, A, B,
312.5; C, D, 350; and E, F, 3100).
and this portion was found to be spliced just like the that REPT1 is a retrovirus-like retrotransposons tran-
scribed by RNA polymerase II.case of retroviruses. According to our analysis of the pol
gene product using a phylogenetic tree, REPT1 pol was Most retrotransposons are usually transcriptionally
quiescent in normal adult tissues despite their multipleclosely related to that of retroviruses [13]. This clone
possessed a primer binding site for reverse transcriptase copies in mammalian genomes. However, REPT1 was
actively transcribed in the kidney, especially in the renaland LTR-like motifs on both ends. Polyadenylation sig-
nal was followed by poly (A) tail. These findings indicate proximal tubule cells. It is reported that some retro-
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Fig. 5. Cloning, characterization, and phy-
logenetic analysis of full-length nucleotide
sequences for cloned RAP-PCR product
(REPT1). (A) Motifs found in the 5.8-kb
REPT1 transcript and their positions. (B)
Cloning strategy and schematic representa-
tion of four types of REPT1 transcripts. cDNA
clones isolated from DS rat kidney are indi-
cated by bars (pDSKs). The 3.2-kb region
found only in 5.8- and 4.4-kb REPT1 tran-
scripts is indicated by a bold line. LTR-like
motifs are indicated by dark gray boxes. The
probes used for RNase protection analysis and
Northern hybridization are indicated by
hatched boxes. #8– 41 represents cloned RAP-
PCR product. (C) Phylogenetic tree based on
the “palm” motif of reverse transcriptase (pol)
gene products. Sequences encoding reverse
transcriptase were aligned and compared to
construct a phylogenetic tree by unweighted
pair group method using arithmetic averages
(UPGMA).
transposons are expressed in somatic cells such as the transposons have recently been used as vectors to engi-
neer tissue specificity of recombinant DNA delivery forthymus, heart, and liver [15]. The possible mechanisms
of strict tissue-specificity of expression can be: (1) the gene therapy. The kidney-specific regulatory element
of REPT1, if identified, will allow the development ofeffect of adjacent gene promoter which directs kidney-
specific expression; (2) the tissue-specific intrinsic pro- kidney-targeted vectors that can be used for the treat-
ment of renal diseases.moter within the retrotransposon itself (especially within
LTR) [16]; (3) tissue-specific DNA methylation pattern; REPT1 contained two elements homologous to
cDNAs whose expression was reported to be modulatedand (4) some trans-acting factors (such as nucleotide
binding proteins). Interestingly, our clone had a se- by NGF treatment in PC-12 cells [8]. Indeed, the expres-
sion of a REPT1 homolog was increased in response toquence 75% homologous to the IAP of Eker rat, a model
rat prone to renal carcinoma [12]. This sequence might NGF treatment in PC-12 cells (data not shown). Some
retrotransposons were reported to be inducible by a wideinclude elements for kidney-specific expression. Retro-
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Fig. 6. REPT1 expression in the kidney and salt sensitivity of blood pressure in different rat strains. (A) REPT1 expression in the kidneys of
DR, DS, SD, Wistar, and SHR, determined by Northern blot analysis. Five micrograms of poly (A)1 RNA were fractionated on formaldehyde/
agarose gel, blotted onto nylon membrane, and hybridized with 32P-labeled probe 2. b-actin probe was used as a loading control. Size markers are
shown on the left. (B) Relationship between salt sensitivity of blood pressure and renal REPT1 expression in the five rat strains. The horizontal
bar represents percentage increase in blood pressure in response to salt loading for four weeks. The longitudinal bar represents REPT1 expression
standardized by b-actin.
range of agents and physiological stimuli such as epider- dantly in the kidneys of salt hypertension-prone rats (DS
and SHR) but not in those of resistant rats (DR, SD, andmal growth factor, glucocorticoid, anoxia, and glucose.
Wistar rats) (Fig. 6). Similar to our study, an endogenousTherefore, REPT1 might contain several regulatory
retroviral transcript was recently identified in the heartelements directing tissue-specific, age-dependent, and
of SHR as differentially displayed clone compared withNGF-inducible expression.
Wistar Kyoto rats (WKY) heart [22]. The mechanismsRecent studies suggest the contribution of transpos-
of REPT1 involvement might be the insertional disrup-able elements in the pathogenesis of a variety of diseases
tion of a certain gene, the activation of an adjacent gene[17]. Hemophilia A (factor VIII gene), Duchenne mus-
by the promoter of inserted retrotransposon, or still un-cular dystrophy (dystrophin gene), and breast cancer
known mechanisms. In situ hybridization revealed that(c-myc gene) were reported to be caused by the insertion
the REPT1 transcripts were localized mainly in the prox-of LINEs. Insertion (I)/deletion (D) polymorphism in
imal tubules, especially in the S2 and S3 segments. Severalthe ACE gene was caused by the insertion of Alu se- Na transporters were reported to be expressed specifi-
quence (one representative family of SINEs; X62855). cally in these portions, such as NHE-3 (Na/H antiporter-
The DD genotype was shown to be linked to myocardial 3) [23], SGLT1 (sodium/glucose cotransporter 1) [24],
infarction, immunoglobulin A and diabetic nephropathy and EAAC1 (excitatory amino acid carrier 1) [25].
[18, 19]. In the case of diabetes, an IAP was preferentially Therefore, REPT1 might interfere the function of such
expressed in the pancreatic beta cells of genetically dia- gene products and affect sodium reabsorption. Further
betes-susceptible mice strains [20]. In addition, a human studies such as genomic cloning, chromosomal mapping,
endogenous retroviral element (IDDMK1,222) was re- and cosegregation analysis of genotypes with blood pres-
cently reported as a candidate gene for human type I sure in F2 generation strains will clarify the involvement
of this element in the pathogenesis of salt hypertension.diabetes [21]. In our study, REPT1 was expressed abun-
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